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SYSTEM AND METHOD FOR REPORTING MEASUREMENTS IN A 
COMMUNICATION SYSTEM 

FIELD OF THE INVENTION 

5 

The present invention relates to communication systems and methods, 
and more particularly, it relates to systems and methods for controlling 
the communication of measurement reports between an access point 
and a control unit in a communication system. 

10 

BACKGROUND OF THE INVENTION 

In a communication system, the role of a control unit is, among other 
things to control the resource allocation at access points connected to 

15 the control unit. In order to be able to perform this task, the control unit 
requests, from the access points, measurement reports containing 
measurements regarding links associated with the access points, 
measurements which are necessary for e.g. being able to control the 
resource allocation at the access points. The measurement reports are 

20 evaluated in the control unit, and based on the evaluation, commands 
are sent from the control unit to the access points. 

As an example of such a communication system, figure 1 shows an 
exemplary mobile communication system 100. It comprises mobile 

25 terminals 101 in contact with access points 103 via links 102 over an 
access interface, which for the exemplary mobile communication system 
is an air interface. For the mobile communication network, the 
geographical position of the terminal defines to which access point the 
terminal is presently in contact. EJach termimal 101 is in contact with its 

30 access point 103 via at least one link 102. The access points are in then- 
turn connected via control interfaces 104 to a control unit 105. The 
control interface 104 is defined as a connection between one control unit 
105 and one access point 103. In figure 1, for claritj?^ reasons, only one 
control unit 105, one access point 103 and consequently only one 

35 control itTterface 104 is shown, althou^, it would be apparent to a 
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person sldUed in the art that a communication system may comprise 
many control units, access points and control interfaces. 

As mentioned above, the control unit 105 controls the resource 
5 allocation at the access point 103 connected to the control unit. This 
control is managed by algorithms in subunits 205, 206 in the control 
unit 105. For this purpose, the control xinit requests measurement 
information from the access point 103 regarding the links 102 
associated with the access point 103. The measurements could be of 
10 different types depending on what is requested by the algorithms. In the 
example of a mobile communication system, the measurement types 
could be e.g.: received interference level, transmitted power level, path- 
loss, received signal quality, etc. 

15 A common practice is that each subunit 205, 206 in the control unit 105 
requests its own measurements necessary for its algorithm from the 
access point 103 on a per link basis. The measurement requests, sent by 
the control unit 105, specify the type of measurements to send and with 
which frequency they should be sent. In response, the access point 103 

20 compiles so called periodic measurement reports, which are sent to the 
subunits 205, 206 in the control unit 105 at the requested frequency 
comprising the requested measurements. Different types of periodic 
measurement reports could be sent at different frequencies depending 
on what is being reported. 

25 

The measurement reports are necessarj'^ for the system to know e.g. the 
quality of a link 102 and to be able to take necessary steps if for example 
the quality of a link deteriorates. Such steps cotdd e.g. be that the 
mobile communication network performs handover of a terminal 101 to 

30 another access point 103. Therefore, the more often measurement 
reports are received at the control unit 105 for evaluation, the better the 
control of the coromimication over each link 102. On the other hand, 
there are capacity limitations over the control interface 104 and in tlie 
processors in the access point 103 that limits the amount of 

35 measurement reports that could be sent to the control unit 105 over the 
control interface 104. 
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As the different subunits 205, 206 in the control unit requests their own 
measurement reports fi'om the access point 103 and as the algorithms 
in tlie subunits may request reports comprising different measurement 
types for one link, an access point may have to send more than one 
periodic measurement report per link. Therefore, and especially since an 
access point 103 may accormnodate e.g. 100 links, the total number of 
different possible periodic measurement reports may become quite large 
over one control interface 104. Since at the same time, as described 
above, there are capacity limitations regarding the amount of 
measurement reports possible to send to the control unit 105 over the 
control interface 104, there is a need to control the reporting frequency 
of the periodic measurement reports sent over the control interface, 

15 The international patent application WO 00/76233 shows a prior art 
system for controlling the communication of measurement reports in a 
mobile communication system. It deals with limiting the number of 
measurement reports sent from a terminal 101 over a link 102 in the 
access interface to the access point 103 that the terminal 101 is 

20 connected to. 

The international patent application WO 02/73887 shows another prior 
art sj'^stem for controlling the communication of measurement reports 
within a mobile coromunication system. This document deals with the 
25 problem of having limited resources in the processor in the access point 
103. The load of the processor is controlled by controlling the reporting 
of measurements within the access point 103. 

None of the prior art documents discuss controlling the communication 
30 of measurement reports from an access point to a control unit 
considering the request sent by the control unit. 

As could be seen above, tliere is a need for a system for efficiently 
controlling the communication of measurement reports from an access 
35 point 103 over a control interface 104 to a control unit 105. 
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SUMMARY OF THE INVENTION 

As mentioned above, in communication networks a control unit requests 
5 periodic measurement reports from an access point over a control 
interface. The reported periodic measurement reports comprises 
measurements regarding links associated with the access point. For 
controlling purposes there is an interest for a control unit to receive 
these measurement reports frequently. However, the capacity for 
1 0 forwarding measurement reports over the control interface is limited. 

Tlie object of the invention is to control the measurement reporting from 
the access point to the control unit over the control interface such that 
the limited capacity over the control interface is efficiently used for the 
15 purpose of achieving a good control of the resource allocation at the 
access poiat. 

The above stated object is achieved by means of a method according to 
claim 1, a communication system according to claim 15, a computer 
20 program product according to claim 30 and a control unit according to 
claim 3 1 , 

The present invention makes it possible to eflEdently control the 
measurement reporting from an access point to a control unit over a 
25 control interface having limited capacity, by dynamically deterauning the 
reporting frequencies of the periodic measurement reports over the 
control interface based on information on the currently requested 
periodic measurement reports of the hnks currentiy handled by the 
access point and the limited capacity of the control interface. 

30 

According to a preferred embodiment of the invention, the methods, 
systems, computer program products axid control units of the invention 
are arranged to dynamicall5'' determine the reporting frequencies based 
on the currently active links. 

35 
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According to another preferred embodiment of the invention, the 
methods, systems, computer program products and control units of the 
invention are arranged to dynamically determine the reporting 
frequencies based on the content of the periodic measurement reports 
5 regarding the currently active links. 

" An advantage of the present invention is that since the usage of the 
capacity of the control interface is dynamically evaluated and compared 
to the total capacity of the control interface, a high amount of the total 
10 capacity of the control interface could be constantiy used and the control 
point will receive at times a higher amount of reports compared to prior 
art, which will result in an improved performance of the system. 

A further advantage of the present invention is that the capacity of the 
15 control interface would be more efficiently used compared to prior art by 
adapting the reporting frequencies of the periodic measurement reports 
to the current load of the control interface. 

As a result of the more efficient use of the capacity of the control 
20 interface, the resource allocation in the access point could be improved 
and, thereby, the performance of the system could also be improved. 

Another advantage according to one aspect of the invention is that the 
invention is easy and cheap to implement in the system since it only 

25 requires adaptations in the control imit. The invention could be 
implemented by introducing a novel subunit, a so called measurement 
proxy in the control unit. This novel subxmit could be either a piece of 
hardware or a computer-program product to be executed by hardware 
that already exists in the control unit. Furthermore, the present 

30 invention does not require any changes in the implementation in the 
control unit of the algorithms that use the measurements. 

Yet another advantage of the present invention is that no changes are 
required to the concerned standards. 

35 
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Another advantage of embodiments of the present invention is that the 
performance of the system could be fixrther improved by adapting the 
frequencies of the periodic reporting of the different measurement 
reports to the contribution of the different measurement reports to the 
5 total performance of the system. Thus measurement reports having a 
great impact on system performance may be reported with a higher 
frequency tlian measurement reports with little impact on system 
performance. 

10 Yet another advantage according to another embodiment of the invention 
is that reports can be received with different frequencies at the subunits 
in the control unit compared to the frequencies used over the control 
interface between the access point and the input of the control unit. This 
is for example advantageous when two or more subxmits request the 

15 same measurement reports but with different frequencies. The sending 
of redundant measurement reports can then be avoided over the control 
interface by coordinating reporting to the different subunits. Thereby, 
the capacity of the control interface will be; used even more efficiently, 

20 A fiorther advantage according to one embodiment of the invention is 
that the measxirement proisy implemented in the control unit acts as a 
trafSc flow control over the control interface and thereby a congestion of 
both the reporting processor in the access point and the control interface 
is avoided. 

25 

Further advantages of embodiments of the present invention will become 
apparent when reading the following detailed description in conjunction 
with the drawings. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a schematic block diagram of a communication system 
wherein the present invention may be used. 
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Figure 2 is a schematic block diagram illvistrating an embodiment of the 
present invention incorporating a proxy in the control unit for reali2dng 
the invention in a communication system. 

5 Figure 3 is a schematic block diagram illustrating another embodiment 
of tlie present invention incorporating a proxy in the control unit for 
realizing the present invention in an exemplary mobile communication 
system working according to the UMTS standard. 

10 Figure 4 shows a flow chart describing a method according to an 
exemplary embodiment of the invention. 

Figure 5 shows a flowchart describing a method according to another 
exemplary embodiment of the invention. 

15 

Figure 6 is a schematic block diagram of a measurement proxy realising 
a method according to an exemplaiy embodiment of the invention. 

Figure 7 is a schematic block diagram of an alternative realisation of a 
20 measurement proxy according to an exemplary embodiment of the 
invention. 

Figure 8 is a schematic block diagram of another alternative realisation 
of a measurement proxy according to an exemplaiy embodiment of the 
25 invention. 

Figure 9 shows a schematic block diagram of an alternative embodiment 
of the present invention incorporating a proxy in the control unit for 
realizing the invention in a communication system. 

30 

DETAILED DESCRIPTION 

The present invention will be described more fiiUy hereinafter with 
reference to the accompan3'ing drawings, in which preferred 
35 embodiments of the invention are shown. This invention may, however, 
be embodied in many different forms and should not be construed as 
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limited to tlie embodiments set forth herein; rather, these embodiments 
are provided so that this disclosure will be thorough and complete, and 
will fuUy convey the scope of the invention to those skilled in the art. In 
the drawings, like numbers refer to like elements. 

5 

The present invention may be used in the exemplary communication 
system illustrated in figure 1. This communication system comprises, 
among other things, an access point 103, a control unit 105 and a 
control interface 104 connecting the access point 103 to the control imit 

10 105. The access point 103 is arranged to give access to a network (not 
shown in fig.l) via links 102. A number of terminals 101 can be 
coimected via the links 102 and the access point 103 to the network. 
Each terminal 101 is in contact with its access point 103 via at least one 
link 102. In figure 1 for clarity reasons only one control unit, one access 

15 point and consequently only one control interface 104 is shown, 
although, a person sldUed in the art would know that a cormnunication 
system can comprise many control units, access points and control 
interfaces. 

20 The links 102 are allocated a certain amoxmt of network resources for 
the commvmication to and from the terminals 101. Since it may be 
advantageous for the system performance to allocate different amounts 
of resources to the links depending on characteristics of the links, a task 
of the control unit 105 is to control this resource allocation at the access 

25 point 103. When allocating resources, the control unit 105 may also 
consider the user data trafBLc, whether the terminal or the user data flow 
associated with a link 102 has some associated priority and, if so, how 
high this priority is with respect to the priority of other terminals or user 
data flows. This control is managed by algorithms residing in subunits 

30 205, 206 in the control unit 105. For this purpose, the control unit 105 
requests measurement information from the access point 1 03 regarding 
the links 102 handled by the access point. The measurements could be 
of different t5'pes depending on what is requested by the algorithms. In 
the example of a mobile communication system, the measurement types 

35 could be e.g.: received interference level, transmitted power level, path- 
loss, received signal quality, etc. The access point 103 responds to the 
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requests from the control unit by sending measurement reports over the 
control interface 104 to the subunits 205, 206 in the control unit. The 
measurement requests, sent by the control unit 105, specify the type of 
measurements to be compiled into measurement reports, and for 
5 periodic measurement reports the requests also specify with which 
frequencies the periodic measurement reports should be sent to the 
control unit. In response, the access point 103 compiles and sends 
periodic measurement reports at the requested frequencies. 

10 Different measurement reports may contain different types of 
measurements. Therefore, the access point 103 may send several 
periodic measurement reports for each Unk. Furthermore, different 
algorithms may require the same measurement type from the same 
links. 

15 

As earUer described in the background section, higher measurement 
reporting frequencies could lead to a higher performance of the 
communication system. Although, due to capacity limitations over the 
control interface 104 there are limitations on the number of measure- 
20 ment reports that can be sent per time unit from the access point 103 to 
the control unit 105. The capacity limitations over the control interface 

104 can be due to a limited bandwidth of the control interface, but also 
due to limited processing capacity in the access point 103 for the 
reporting purposes. With the expression capacity limitations over the 

25 control interface is here meant any cause for Umiting the number of 
reports that could be sent from the access point 103 to the control unit 

105 per time ixnit. Consequently, for improving the performance of the 
system there is a need to control the periodic measurement reporting 
frequencies with regard to the limitations of the control interface. 

30 

According to the invention, a frequency for periodical reporting of each 
periodic measurement report from the access point to the control unit is 
dynamically determined based on information on the number of links 
currently handled by the access point and such that a total aggregate 
35 frequency of periodic measurement reports does not exceed the limited 
total capacity of the control interface. 
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For example, if tiie number of links handled by the access point 
decreases, it will be possible to increase the frequency for periodical 
reporting of each measurement report as long as the total aggregate 
5 reporting frequency does not exceed the total capacity of the interface. 

In the prior art solution for controlling the communication of 
measurement reports in a communication system described in the 
international patent application WO 00/76233 mentioned above, there is 

10 no control or supervision of the total current use of any interface 
compared to the total capacity of the interface. The control takes into 
account only one link at a time, i.e. with no respect to the reporting 
frequency on the other links, to the aggregate reporting frequency or to 
the total capacity of the interface. However, the solution according to the 

15 present invention determines suitable reporting frequencies with regard 
to the limitations of the control interface and with regard to information 
on the links currentiy handled by the access point, which allows for 
instant determination of suitable reporting frequencies for all requested 
periodic reports taking into account the total capacity of the interface. As 

20 a result, the present solution gives an improved interface use and better 
system performance compared to the prior art solution. 

In some coromunication systems, the request issued by the control unit 
105 is standardised, which means that the access point 103 must 

25 comply with the request. According to such a standard, exemplified by 
the 3GPP standard document TS 25.433, the access point 103 may 
answer to such a request by a "measurement failure response", but it is 
not allowed to change on its own the requested reporting frequency. 
Therefore a solution based exclusively on logics located in the access 

30 point 103, i.e. according to which the access point 103 decides on its 
own when and to which new reporting frequency to svidtch, wiU not be 
compliant with such a standard. 

Measurements for different links and/ or different measurement types 
35 contribute in different degrees to the performance of the communication 
system 105. For example, for a mobile communication system it is 
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important to control the total power used by the active links in a cell or 
access point for a good total performance of the system, because the 
total power of an access point is limited due to limited power amplifier 
resources etc. It is therefore important for the control unit to allocate 
5 and reallocate resources so that the total power does not increase too 
much. Then it is more important to control and get accurate 
measurements for links using high code power than to control links 
using low code power because high code power links use more of the 
total radio resources in a cell and have a larger absolute variation in 

10 power. This is especially true for a UMTS-like system since the power 
control is adjusted in logarithmdc steps and an increase with IdB leads 
to a larger absolute increase if the current code power is high than if the 
code power is low. Thus, to more often control the links having high code 
power would contribute in a higjher degree to the total performance of 

15 the system. Therefore, according to a first preferred embodiment of the 
invention, the measurement requests sent by the control unit 105 can 
configure the reporting procedure in the access point 103 in such a way 
that the access point 103 can utilise different reporting jfrequencies jfj for 
each periodic measurement report for each link i and for each 
20 measurement type j depending on the importance of the infomiation in 
each periodic measurement report. By taking the. limitations of the 
control interface and the importance of each periodic measurement 
report into account when setting the reporting frequencies fij, the 
performance of the system may be further improved- 

25 

According to the first embodiment of the idea, the reporting frequencies 
fij are dynamically computed by the control unit 105, based on the total 
capacity F of the control interface 104 and on a set of dynamically 
changing weighting coefEicients lUij associated with each link i and each 
30 measurement type J, Each time the set of reporting frequencies changes, 
measurement requests are sent to the access point 103 in order to 
update (reconfigure) the reporting procedure. The total capacity F of the 
control interface 104 could be known a priori or estimated by the 
system. 

35 
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According to the first preferred embodiment, the reporting frequencies fij 
, for the i-th link and the j-th measurement type are computed in the 
control unit 105 by: 

5 where fc is a factor dynamically computed as: 

F 



k< 



J 



In fact the way fc is computed reflects the constrain imposed by the 
control interface capacity: 

10 i.e. that the sum of all reporting frequencies must not exceed the total 
capacity of the control interface. 

The formulas in the paragraph above could also be expressed in a more 
general manner as: 

wherein f- denotes the reporting frequency for measurement report r , Wr 
denotes the weighting coefficient for measurement report r and wherein 
k is a factor dynamically computed as: 

F 



Wr 



r 

20 wherein k is computed reflecting the constrain imposed by the control 
interface capacity: 

r 

The new functionality described above can according to another 
25 embodiment of the invention be implemented by introducing a novel 
subunit in the control unit 105. The novel subunit, referred to in the 
following as a measurement prosy, can be either a piece of hardware or a 
computer-program product to be executed by hardware that already 
exists in the control unit 105 or a combination of a computer-program 
30 product and hardware. 
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Figure 2 shows the implementation of a measurement proxy 204 in tlae 
control unit 103 for controlling the system according to the invention. In 
this figure, the terminals are not shown, but the links 102 to the 
terminals are shown. The measurement proxy 204 is inserted in the 
5 control unit 105 between the access point 103 and the suburdts 205- 
206. Thereby a new interface called a subunit interface 215 is created 
between the measurement proxy 204 and the subunits 205, 206. The 
measurement proxy 204 will be able to separately control the reporting 
process from the access point 103 over the control interface 104 to tlie 

10 measurement proxy 204 from the reporting process from the proxy 204 
over the subunit interface 215 within tlie control unit 105 to the 
diiferent algorithms residing in the subunits 205, 206. Thereby the 
reporting frequency over the control interface 104 coxild be different to 
the reporting frequency used over the subunit interface 215, which may 

15 spare reporting resources as shown below in embodiments of the 
invention. In order for this to work seamless^ for both the access point 
103 and especially for the subunits 205, 206, the measurement proxy 

204 performs the adaptive change of the reporting frequency over the 
control interface 104 by emulating measurement reports over the 

20 subunit interface 215 at the reporting period requested by the subunits. 

The measurement proxy can, according to a preferred embodiment of the 
invention, coordinate the reporting process in case several subunits 205, 
206 within the control unit 105 request similar measurement reports, 
25 regarding the same measurement type or types and the same Unk. For 
example, two resource allocation algorithms, residing in the subunits 

205 and 206, respectively, may require measurements regarding the ! 
transmission power on the same link 102, but where the measurements 
should be low-pass filtered with different filters and reported with 

30 different measurement frequencies. According to this preferred 
embodiment, the measurement proxy 204 within the control miit 105 
can rationalise the requests issued by the two algorithms in the 
subunits 205, 206 and only send one measurement request to the 
access point 103 over the control interface 104. Then the access point 

35 103 responds by sending only one periodic measurement report over the 
control interface 104 to the measurement proxy 204, which in tum 
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emulates two different reports based on the requested different filters. 
and sends these reports over the subunit interface 215 to the algorithms 
in the subunits 205, 206 at the requested different reporting 
frequencies. 
5 . • 

According to another embodiment, the adaptive change of reporting 
frequencies according to the iavention could also be implemented in the 
access point. This requires that the access point implicitly knows how to 
compute the weighting coefficients in order to improve the system 

10 performance. However, the control unit must set the weighting 
coefficients, for example by using the measurement proxy according to 
the invention, or at least provide the access point with tlie information 
needed to set the weighting coefficients. For instance since according to 
the current 3GPP standard TS 25.433, this information is not available 

15 in the access point and the access point must comply with the request 
from the control unit. Furthermore, a measurement proxy 204 is needed 
in the control unit in order to emulate the measurement reports needed 
by the subunits 205, 206 in the sense of restoring the reporting 
frequencies requested by the subunits 205, 206. According to this 
20 embodiment, the control unit will work in a more "asynchronous way", 
since it will no longer know the exact reporting frequencies. Instead, it 
wiU receive the reports in a more event-triggered fashion. 

Figure 3 shows an example of a preferred embodiment of the invention 
25 implemented in a part of an exemplary UMTS Terestrial Radio Access 
Network (UTRAN) of a mobile communication system. The part of the 
exemplaiy UTRAN comprises a Radio Network Controller (RNC) 303 
corresponding to the control unit 105 in figure 2, a NodeB 301 
corresponding to the access point 103 in figure 2 and an lub interface 
30 302 corresponding to the control interface 104 in figure 2. For 
illustrative purposes only, in this exemplary embodiment of the 
invention, the RNC 303 contains only one resource allocation algorithm 
in one subunit 305, which algorithm uses only code power 
measurements in order to decide how to allocate radio resources, e.g. 
35 bit-rate control or link admission control, i.e. only one type of periodic 
measurement report needs to be sent per link 102. Furthermore, to 
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illustrate tlae advantages of the invention, it is assumed that the 
resource allocation algorithm in the subunit 305 is designed to receive 
code power measurements \Adtli a frequency of 1.25 Hz (the figures used 
in this example are selected only for didactical purposes). This means 
5 that the subunit 305 expects the NodeB 301 to send a measurement 
report comprising code power measurements over the lub interface 302 
each 800 ms, for each link 102. Assume that the total capaciiy of the Tub 
interface 302 is 20 reports per second and that at time to the number of 
links in the cell is N(to) = 20, Given the limited total capacity of the lub 
10 interface 302, the maximum number of links for v^hich a reporting 
frequency of 1.25 Hz can be maintained is 20/1.25 = 16 links, which is 
smaller than the current number of links. Therefore, requesting a 
reporting frequency of 1.25Hz over the control interface for 20 links 
might cause a hazardous behaviour of the NodeB 301. 

15 

This problem is solved with the help of a measurement proxy 304 or 
similar in the control unit 303 working in the foUo^dng way: The subunit 
305 requests a reporting frequency of 1.25 Hz. However, the 
measurement proxy 304 sets the measurement reporting frequency over 

20 the lub interface 302 for each link 102 that NodeB 301 is actually using 
according to the maximum reporting capability of the lub interface 302. 
This means that the measurement reporting frequency for each link over 
the Tub interface 302 can be both larger or smaller than 1.25 Hz, 
depending on the number of links used for the moment and on the total 

25 capacity of the lub interface 302. In the example above, since the 
number of links in tlie cell at to was 20 and the total capacity of the lub 
interface 302 was 20 reports per second, the mean reporting frequency 
over the Tub interface 302 would be 1 Hz. 

30 The proxy 304 maintains a monitor (estimate) for each Unk, This monitor 
is updated each time a measurement report is received from NodeB 301. 
Based on this monitor, the proxy 304 will emulate measurement reports 
and send them to the subunit 305 over a subunit interface 325 at the 
frequency requested by the resource allocation algorithm in the subunit 

35 305, in the example above 1.25 Hz. In this way, the subunit 305 will 
receive measurement reports at the requested frequency over tlie 
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subunit interface 325 even if a different reporting frequency may be used 
over the lub interface 302. Consequently, the subunit 305 does not need 
to be awai^e of the existence of the measurement proxy 304, and the 
signalling protocol used over the subunit interface 325 is the same as 
5 the protocol used over the lub interface 302 according to the 3GPP 
standard docviment "UTRAN Tub interface NBAP Signalling", 3GPP TS 
25.433. 

The exact procedure performed by the measurement proxy 304 is 
10 exemplified by the following example, using the numeric examples from 
above. In this example, all links 102 are supposed to contribute evenly to 
the system performance, i.e. they have been given the same weight: 

Wi= w =J 

which means that the reporting frequencies at a given moment are the 
15 same on all the links: 

fi-^f^F/N 

where Nis the mmaber of links in the cell. Then the reporting frequency / 
will be set to f(to) - 20/20 = 1 Hz (i.e. one report per second for each 
link). If, at a later moment tj, the number of links 102 connected to the 

20 NodeB 301 decreases to for example N(ti) = 10 (e.g. as a result of 
decreased number of terminals handled by NodeB), the reporting 
frequency can increase to f(ti) = 20/10 = 2 Hz. As mentioned before, a 
higher reporting frequency leads to a more accurate monitoring of the 
power and, therefore, this higher reporting frequency leads to an 

25 improved performance of the resource allocation algorithm and 
consequently also for the communication system. 

The procedure described in the example above is summarised with the 
help of the flowchart in figure 4. The procedure is initialised by coimting 

30 401 the number of links, if any, already connected to the NodeB at the 
moment of inserting the measurement proxy in the system by means of 
a counter in the measurement proxy. This counter is updated each time 
a link is added or removed (steps 408 and 409), e.g. at the moment of 
setting up a new channel, closing a connection or due to terminal 

35 mobility (handover). If no link is connected to NodeB when the proxy is 
inserted, the procedure would start at step 408 when the first link is 
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added to NodeB. Each time a change in the number of links occurs, the 
reporting frequency for each link measurement report fi is recalculated 
for all measurement reports and set (step 402) to = F/Naur, where Ncan- 
stands for the number of links currently in use. The measurement proxy 
5 updates the reporting frequency by sending (step 403) a new dedicated 
measurement initialisation (i.e. new measurement requests) to NodeB. 

When measurement reports are received at step 404 by the 
measurement proxy from NodeB, the proxy updates (step 405) internal 

1 0 monitors of the dedicated code power measurement reports (one monitor 
for each link). The measurement reports are kept in these monitors until 
there is time to deliver a measurement report to the resource allocation 
algorithm (step 406). Then the measurement proxy emulates 407 the 
measurement report needed by the resource allocation algorithm and 

15 delivers it to the algorithm at the reporting frequency desired by the 
algorithm (1.25 Hz in this example). The emulation process, which may 
include e.g. extrapolation is beyond the scope of this invention. 

In this example, the reporting frequency is updated by sending new 
20 measurement requests for all links each time the number of links 
change. This may lead to an undesirably high signalling frequency from 
the RNC to NodeB. Therefore, some changes can be made to reduce the 
signalling burden. For instance, the updating of the reporting frequency 
for all links connected to the NodeB can be made only when the 

25 a^regate reporting frequency exceeds some predefined limits. 

Consider now another solution according to a preferred embodiment of 
the invention, described \yy using the same architectural set-up as in 
figure 3. However, in this embodiment the procedure performed by the 

30 measurement proxy 304 when selecting the reporting frequency over the 
Tub interface 302 is more advanced since it considers that the 
importance of the information in the different periodic measurement 
reports may differ. For example, tlae importance of different 
measurement types, wherein one measurement type is defined as one 

35 and the same type of measurements, may differ. In the embodiment it is 
considered that links having high values for a suitable measurement 
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type mv aie more important to control than links having low values for 
the measurement type. Measurement types where this is applicable 
could be e.g. Unlc code power or uplink signal to interference ratio error 
(uplink SIR-error). Consequently, measurement reports containing 
5 measurements from liaks with a high value of the measurement type 
preferably need a higher reporting frequency than reports containing low 
values for the same measurement type. Hence, the reporting frequencies 
are weighted proportionally to the values of the measurement types, 
such that: 

10 Wr = mVr. 

When the system only reports measurement reports containing one 
measurement type and when only one periodic measurement report is 
sent per link, the frequency of each periodic measurement reports for a 
link is computed as: 



15 



30 



mvi 



wherein F defines the total capacity of the control interface. The formula 
above could be expressed in a broader sense when the reports contain 
only one measurement type, but when more than one periodic 
measurement report may be sent per link: 

F nivr 



20 ^ /= 



mvr 



wherein fr is the frequency for measurement report r, and mvr is the 
measurement value in measurement report r for the only one 
measurement type. 

25 In the example below, the measurement type mvi is exemplified by the 
link code power, Pcode^i . Consequently, as mentioned earlier in the 
description, links having high code power are considered more important 
to control than links having low code power, because they contribute to 
a higher degree to the limited total code power use of the access point. 
Therefore a higher reporting frequency would be preferable on the links 
having high code power. Hence, the reporting frequencies are weighted 
proportionally to the link code power, such that: 

ZUi — Pcode,i 
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where Pcodej is tiie code power for link i, and consequently: 

F * Pcode, i 



^ ] Pcodc, 



10 



15 



20 



25 



The above criterion can farther be refined in order to ensure that the 
reporting frequency for a link does not get too high or too low accordiag 
to the formula below: 



fi= min 



y^max,max^ 



k 



Pcode, I 



The formula states that if the link reporting frequency computed 

fk * Pcode^ i 



according to 



Pcode^ i 



is below a threshold /m/n, a predefined fmm will 



be used as reporting frequency instead of the computed fi, Sunilarly, if 
the computed fi is above a predefined fmax, the predefined finax will be 
used instead of the computed value fi. Note that the total aggregate 
frequency ^fk 'xn this formula may differ from the total interface 

k 

capacity F. 

The procedure executed by the measurement proxy in this other solution 
according to a preferred embodiment is summarised by the flowchart in 
figure 5. The first part of the flowchaii:, i.e. steps 501-503 resembles die 
initialisation procedure in steps 401-403 of the embodiment described in 
figure 4, and is needed in case the proxy is inserted in the S3?'stem when 
there already are some links connected to the NodeB. In contrast to step 
402 of figure 4, the step 502 of setting the reporting frequencies for all 
finks to the same frequency is only accompHshed at an uiitialisation 
phase when the fink code powers are unknovioi. If the proxjr is inserted 
when no links are connected to the NodeB, the initiafisation part can be 
skipped. Then the procedure moves to steps 504 and 505, which 
resembles steps 404 and 405 in figure 4. The major difference between 
the flowchart in figure 5 and the flowchart in figure 4 Ues in the next 
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step 506 where the reporting frequencies are updated depending on 
whether the relative sLze of a link code power has changed to a certain 
degree compared with the code power on the other links, e.g. a link code 
power has changed above or below a certain threshold. The new 

F * P -od ' i 

5 frequencies are updated according to the formula Ji=-:^ — 'fj^ ^ 

^ ^ Pcode, i 
i 

next step 507, which resembles step 408 of figure 4, the procedure 
checks whether there has been any change in the number of links 
connected to NodeB and in step 508 the reporting frequencies are 
updated depending on the change and according to the formula 

Pcode i 

1 0 ^ — - . The change in the nimiber of links can actually be seen as 

i 

a change in code power as well, in the sense that a new link is 
associated with a default power value (valid until the first measurement 
is reported from NodeB), or that the code power of a disconnected link is 
changed from a former value to 0. Following the step of updatLag of the 

15 reporting frequencies, the proxy checks (step 509) whether there is time 
to deliver measurement reports from the measurement proxy to the 
resource allocation algorithm and, if so, the proxy emulates (step 510) 
and delivers such a report, corresponding to the steps 406 and 407 of 
figure 4. These two steps (406, 407 and 509, 510) are accomplished at 

20 different times in the loops in figures 4 and 5, which only shows that the 
steps could be accomplished at any time within the respective loop. 
Thereafter, if a reporting frequency has been changed, which is checked 
in step 511, the proxy signals (step 512) in measxu-ement requests to 
NodeB the new reporting frequency/frequencies. Thereafter the 

25 procedure returns to step 504. 

Figure 6 shows a block diagram of the operation of a measurement proxy 
500 according to an embodiment of the invention reaHsuig the procedure 
described in figure 5. In this case it is still assumed that only one report 
30 per link is sent. Measurement reports are periodically received from the 
access point over the control interface at an input 605 of the 
measurement proigr 600. The reporting frequencies over the control 
interface may change in time according to tiie settings sent in 
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measurement requests from a frrst output 606 of the proxy 600 to the 
access point over the control interface. The measurement reports 
received from the access poitit are first stored in a register (monitor) 601. 
An emulator 602 uses diese stored measurement reports to emulate 
5 measurement reports to be sent to the resource allocation algorithm in 
the subunit over the subunit interface from a second output 607 of the 
proxy 600. Unlilce the reporting frequencies over the control interface, 
which change in time, the reporting frequency for each link over the 
subunit interface is frxed in time and given exclusively by the reporting 
10 frequency per link requested by the algorithm in the subunit. Tlie 
measurements in the measurement reports stored in the register 601 are 

also used by a calculator 603 according to the formula f^^^^^f^ , for 

i 

calculating new reporting frequencies, which are sent to the access point 
from the first output 606, as described above. 

15 

The calculator 603 is, according to a further example of the frrst 
preferred embodiment, used for improving the accuracy of the calculated 
sum of the code power from the different links, S = ^Fcodaj , by 
assuming that a higher reporting frequency for the links with a large 

20 contribution to this sum wiU lead to a smaller variance of S. More 
exactly, if measurements of the sum of the link code powers at a certain 
moment S(ti) is seen as a prediction of the sum of the link code powers 
until the next measurement is available at ts, then D = S(t2)-S(ti) can be 
seen as a measure of the prediction error, and the shorter the time 

25 interval d = fe- tj is, the smaller the prediction error D. Since the time 
interval d cannot be made arbitrarily small, due to the limitations in the 
reporting frequencies over the control interface, tiie prediction error is 
mininiised by reducing this time interval for only some of the reports, 
namety the reports for the Mmost representative links: 

M<N N 
30 S{t2) = 2]Pcoc/e,/(^2) « ^Pcodej{t2) + 

The formula shows tliat tlie values Pcodcj for the Mmost representative 
Links have been updated at t2 (i.e. new reports have been received), 
whereas tiie reports for the less representative links are using the old 
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values from ti. Similar realisations of this exemplary embodiment of the 
invention can be designed in the same spirit. 

Figure 7, wherein like numerals depict like functions as in figure 6, 
5 shows an embodiment where the weight of each measurement on ea^ch 
link Wi is given by the relative standard deviation of the estimated code 
power, where the relative standard deviation is given by the estimated 
code power variation in time and normalised to the total (average) power: 



10 



Wi =- 



^ ] Pcodc, i 



As described earlier, it is more important to control and get accurate 
measurements for links having a large absolute variation in code powder 
than for links having a small variation in code power. This is a 
consequence of it being important to control the total power used by the 
active links in a ceU or access point for a good total performance of tine 
15 system, because the total power of an access point is limited due to 
limited power amplifier resources etc. It is therefore important for tine 
control unit to allocate and reallocate resources so that the total powder 
does not increase too much. The relative standard deviation is estimated 
in a standard deviation estimator 704 connected between the register 
20 60 1 and the calculator 603. 

In the examples above, the measurement type has been exempUfied toy 
the link code power. Although, any suitable measurement type /;7v could 
be used for calculating the weighting coefBcients and, consequently, thie 
25 frequencies of the periodic measurement reports. A more general 
formula for calculating the frequencies for reporting of periodic 
measurement reports proportional to the standard de\dation of 
measurement values if only one measurement type is reported over tlxe 
control interface would read: 

30 f ^^dimv^iO) 



7 mvr 

r 



wherein is the reporting frequency for measurement report r, mVr is the 
measurement value in measurement report r, std(mvr(t)) is the standard 
deviation of the measurement valuie mv in measurement report r and k is 
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a factor depending on the total capacity of the control interface F and 
defined such that 

r 

5 However, the primarily disclosed idea of changing th.e reporting 
frequencies based on information in the received measurement reports of 
the links currently handled by the access point can be appUed in a 
different way as well. The procedure described above intends to improve 
the accuracy of the sum of the code power from the different links at a 
certain time: S(t), i.e. to reduce the prediction error by directly 
connecting the reporting frequencies to some characteristics of the code 
power. The alternative procedure is to explicitly use the performance 
measure for deciding the optimal reporting frequencies. In this case, in 
the code power example, the sum of the measured code powers of all 
15 active links cormected to an access point is compared to the carrier 
power (i.e. the total downlink power of the access point). The reporting 
frequencies should then be controlled such that tlie sum of the 
measured code powers is related to the carrier power. More exactly, the 
increase (change) of the carrier power should equal the increase (change) 
in the sum of the measured code powers. This transforms the tuning of 
the reporting frequencies into an optimisation problem with as many 
controllable variables as the number of links, as exemplified in the 
embodiment of a measurement proxy described in figure 8, wherein lilce 
numerals depict like functions as in figure 6. The optimisation problem 
25 is solved by a performance estimator 804 in the measurement proxy 
600, connected between the register 601 and the calcidator 603. The 
calculator 603 then calculates the repoiiing frequencies based on the 
results from the performance estimator 804. The technical solution to 
the optimisation problem can be any solution known to those skilled in 
the art of automatic control and is beyond the scope of this application. 
Nevertheless, the central part of the invention remains the novel idea of 
d3niamically tuning the reporting frequencies. 

The examples of the first preferred embodiment described above in 
35 connection with figures 3-8 are concerned with scenarios where only one 
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measurement 15^e (in these examples code power measurements) is 
reported from the access point to the control unit. However, the 
disclosed idea of djniamically tuning the reporting frequencies for the 
different measurement reports based on information on the xeceived 
5 measurement reports can also be applied in the case where different 
measurement types are available for each link (connection). 

Assume for instance that two different measvirements are available for 
each link. This is shown in the example below for a mobile 
communication system. In this example, code power measurements 
coxild be available regarding the downlink channel of the U-r\\c (i.e. 
regarding communication from the access point to the terminal) and the 
carrier to interference ratio (CIR) could be available regarding tho upliak 
channel of the same link (i.e. regarding communication from the 
terminal to the access point). It is possible that in certain access point 
coverage areas, i.e. cells, the downlink channel has limited resources 
due to radio resource shortage in the cell, in other cells the uplink 
channel has limited resources while in other cells the uplink send the 
downlink channels are rather evenly limited. It can be assumed that it is 
more important to have frequent measurements for the limited cliannel, 
while the accuracy requirements are not critical for the non-limited 
channel, because e.g. the downlink power for each link has to t>e more 
accurately controlled if there are limited total downlink power available 
in the cell, so that the limited total downlink power is not exceeded. 
Hence, the measurements for a limited channel needs to be reported 
more frequently as the measurements a the non-limited channel. 

According to this embodiment, the same reporting frequency is used in 
reporting measurements for the do^vnlu^k channel code power and the 
30 uplink channel CIR for the same link if the downlink and the uplink are 
both limiting factors. The downlink code power measuremen.ts are 
reported at double frequency than the uplink CIR measurements, if the 
downlink is the limiting factor. The uplink CIR measurements are 
reported at double frequency than the downlink code power 
35 measureinents if the uplink is the limiting factor: 

24 
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fupimKi ^fdoumiinKi if both channels are limited 

fdowniinKi = 2 *fupiink.i if downlink channel is limited 

fitpiinKi = 2 *fdownUnk.i if upltnk chaimcl is limited 
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The three formulas above may be expressed more generaUy as: 

fuplinkj ~ /C *fdoumlink,i 

Where k = 1 if both channels are limited, k < 1 if do^vnlink channel is 
limited and k > 1 if uplink channel is limited. 

The computation of the reporting frequencies can for example be done 
along the lines shown in the previous embodiments. Although, other 
combinations within the scope of the invention can be perfoimed as well, 
e.g. combining the importance of a measurement type with thJ 
importance of an individual link compared to the other links. 

In communication systems it may happen that different subunits (or 
resource allocation algorithms) in the control unit may require the same 
measurements from the access point. For example two different resource 
aUocation algorithms may require code power measurements for the 
same link. For a mobile communication system, an example of two such 
algorithms is an algorithm for power balancing of users being in soft 
handover and an algorithm for congestion control. In this case, 
according to another preferred embodiment of the invention, the system 
could utilise the control interface more efficiently by coordinating the 
requests from the algorithms such that only one common measurement 
request and consequently only one common measurement report for 
both algorithms is sent over the control interface. Reports are then 
emulated in the control unit and sent over the subunit interface towards 
the two algorithms based on the common measurement report sent by 
the access point. Thereby, control interface capacity could be spared 
without compromising with the quality of the measurement reports. 

The procedure according to this embodiment is exemplified according to 
figure 9. According to the embodiment a first algorithm 907 in a control 
unit 105 requests fi-om a proxy 904 in the control unit 105 code power 
measurement reports with a frequency A, and low pass filtered with a 
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filter Ha(z). Similarly, asisume that a second algorithm 908 in the control 
unit 903 requests from the proxy 904 code power measurement reports 
for the same linl<: with a frequency fB,i and low pass filtered with a filter 
Hb(z). Instead of requesting measurement reports from the access point 
5 103 over the control interface 104 separately for both algorithms, i.e. 
with the higher frequency^ ^Iaa^/ba, the measurement proxy 904 could 
request only one periodic measurement report with the reporting 
frequency fo,i = moxff/^u fs/j and low pass filtered with a fQter Ho{z) such 
that: 

0 

Ha(z) ^ Ho(z) *Ha'(z) and HbIz) - Holz) ^Hb'(z). 

The measurement proxy 904 will then emialate in respective first and 
second emulators 905, 906 measurement reports ^dth the accuracy and 
5 reporting firequency desired by the two respective algorithms 907, 908. 
In order to achieve the desired accuracy, the proxy might need to employ 
some additional filters in order to emxilate ttie transfer functions Ha'(z) 
and Hb'(z), respectively. 

All embodiments and examples of embodiments described in the above 
assume that the total capacity of the control interface, i.e. the a^regate 
masdmtim reporting frequency over the control interface, is known to the 
control unit. For example, the operator of the control unit (e.g. the 
operator of the RNC in a UTRAN) could know the capabilities of each 
individual access point and each control interface and can therefore 
configure the measurement proxy for eachi access point and control 
interface. However, other approaches can be used as well. For instance, 
a specific protocol could be designed so that the measurement proxy can 
inquire the access point for the capabilities of the control interface. 
Another alternative is for the measurement proxy to test the control 
interface in an initialisation phase. For instance, the proxy can start by 
assuming a smaU figure for the aggregate reporting frequency F over the 
control interface, and then gradually kicrease the frequency until the 
total interface capacity is reached. If the access point responds by 
sending measurement reports at the requested aggregate firequency, 
then the measurement proxy can estimate that the capacity of the 
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interface is at least as large as tlie requested aggregate frequency. This 
procedure can then be repeated until the access point cannot respond as 
expected any longer, either by failing to increase the reporting frequency, 
by ceasing to send reports for some links, or by becoming unstable in 
5 any other sense. 

As sho\vn in the application, the object of the invention is to control the 
measurement reporting from the access point to the control xmit over the 
control interface such that the limited total capacity over the control 

1 0 interface is efficienUy used for tlie puirpose of achieving a good control of 
the i^esource allocation at the access point. Tliis is achieved by 
dynamically determining a frequency for periodical reporting of each 
periodic measurement report from thte access point to the conti-ol unit 
based on information on the number of linlcs currently handled by the 

15 access point and such that a total aggregate frequencj' of periodical 
reporting of tlie number of periodic measurement reports does not 
exceed the limited total capacity of the control interface. 

In comparison, the solution in the earlier mentioned international patent 
20 application WO 02/73887 detects a high load of a processor or an 
interface compared to the capacity of the processor or the interface and 
adjusts the load of the air interface by decreasing the frequency for some 
reports for the links and by checking whether this decrease Avas enough 
to avoid exceeding the capacity of the processor or the interface. A 
25 drawbadc with tliis solution is that several iterations of decreasing and 
checldng operations maj'^ be required until suitable frequencies are 
determined for all reports. The solution according to the present 
invention determines suitable reporting frequencies with regard to the 
limitations of the control interface and with regard to information on tlie 
30 links currently handled by the access point, which allows for instant 
determination of suitable reporting frequencies for all requested periodic 
reports taking into account the total capacity of tlie interface. Thereby, 
the control interface is more efficiently nsed and the system performance 
is increased. 

35 
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In the drawings and specification, there have been disclosed preferred 
embodiments and examples of the invention and, although specific 
terms are employed, they are used in a generic and descriptive sense 
only and not for purposes of limitation, the scope of the invention being 
5 set forth in the following claims. 
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